Evidence gradually accumulated by moving boundary electrophoresis (1-4), chemical fractionation, (5-7) using method of Cohn and his associates (8) biliary cirrhotic ACD 2 plasma and 9 ml. of normal ACD2 plasma were dialyzed against several changes of citrate-sodium chloride reagent8 for 48 hours at 0°C. Densities of the dialyzed solutions were adjusted to approximately 1.065 with 4.0 M NaCl and distilled water until a final volume of 11.0 ml. was obtained for the biliary cirrhotic and 13.0 ml. for the normal plasma. Nineml. aliquots of each were placed in 13 X 85 mm. plastic centrifuge tubes and ultracentrifuged at 30,000 rpm (80,000 G) for 18 to 20 hours at 50 C. The top 3.0 cm. of solution were separated with a tube-slicing device. From the upper and lower cuts containing low and high density lipoproteins, respectively, 100 X samples were removed for determination of solution density. The upper cut of the biliary cirrhotic plasma was diluted to 6.0 ml. with 2.3 M NaCl and from the normal plasma with 2.0 M NaCl. An aliquot of 4.5 ml. was removed from each into 13 X 85 mm. plastic tubes for density gradient studies (described presently); the remainder was dialyzed together with both lower cuts (high density lipoproteins) against 0.15 M NaCl for 24 hours at 0°C. The dialyzed solutions were then analyzed for lipids, nitrogen, and dry weight.
tionation, (5-7) using method of Cohn and his associates (8) , zone electrophoresis in a starch-supporting medium (9) , and the ultracentrifuge (10) has indicated that plasma lipids in the acute stage of infectious hepatitis, in biliary cirrhosis, and in some cases of biliary obstruction are atypically combined with peptides in the form of abnormal lipoproteins. This is a report of an investigation to explore further by chemical, physical-chemical, and immunochemical means the composition and distribution of abnormal lipoproteins in a case of primary biliary cirrhosis and to compare their properties with lipoproteins from plasma of a normal woman of like age.
METHOD
Plasma was first fractionated according to method number 10 of Cohn and his associates (8) with minor modifications adapted by this laboratory (11) . Three lipoprotein-bearing fractions, Fractions IV + V, VI, and I + III were obtained from biliary cirrhotic plasma. No lipoproteins are recovered in Fraction VI of normal plasma (8) . Alpha and beta lipoproteins designated also respectively as high and low density lipoproteins were separated from all fractions and unfractionated plasma by ultracentrifugation in a Spinco Model L preparative ultracentrifuge after their solution densities had been adjusted to 1.063 -1.068 with sodium chloride.
The ultracentrifugally separated low density (p < 1.063) lipoproteins were further separated in a density gradient tube as recently described by Oncley and Mannick (12) and chemically characterized. Immunochemical examinations were made of Fraction IV + V, VI, and I + III, and ultracentrifugal analyses for Sr components were carried out on both unfractionated plasma and the fractions.
Preparation of unfractionated plasma. Five ml. of 1These studies have been aided by Grant Number H-920 from the U. S. Public Health Service, by support from the Commonwealth Fund and the Albert and Mary Lasker Foundation, and by gifts from Mrs. Katherine Lilly Conroy. biliary cirrhotic ACD 2 plasma and 9 ml. of normal ACD2 plasma were dialyzed against several changes of citrate-sodium chloride reagent8 for 48 hours at 0°C. Densities of the dialyzed solutions were adjusted to approximately 1.065 with 4.0 M NaCl and distilled water until a final volume of 11.0 ml. was obtained for the biliary cirrhotic and 13.0 ml. for the normal plasma. Nineml. aliquots of each were placed in 13 X 85 mm. plastic centrifuge tubes and ultracentrifuged at 30,000 rpm (80,000 G) for 18 to 20 hours at 50 C. The top 3.0 cm. of solution were separated with a tube-slicing device. From the upper and lower cuts containing low and high density lipoproteins, respectively, 100 X samples were removed for determination of solution density. The upper cut of the biliary cirrhotic plasma was diluted to 6.0 ml. with 2.3 M NaCl and from the normal plasma with 2.0 M NaCl. An aliquot of 4.5 ml. was removed from each into 13 X 85 mm. plastic tubes for density gradient studies (described presently); the remainder was dialyzed together with both lower cuts (high density lipoproteins) against 0.15 M NaCl for 24 hours at 0°C. The dialyzed solutions were then analyzed for lipids, nitrogen, and dry weight.
A linear density gradient as described by LinderstromLang and Lanz (13, 14) and Anfinsen (15) was made of the diluted upper cuts as follows: 4.5 ml. 0.1 M NaCl were layered over the 4.5-ml. aliquot of low density lipoproteins that had been previously placed in a 13 X 85 mm. plastic tube. A simply-constructed wire stirrer with a spiral button tip was gently inserted to the interface of the two solutions, from which point gentle vertical strokes of increasing 0.75 cm. distances were made, keeping the plane of the spiral tip as level as possible. The manipulation usually required four strokes each down and up from the interface. The tubes were then ultracentrifuged at 30,000 rpm for 18 to 20 hours at 5°C. Lipoproteins concentrate in such gradients at layers where the lipoprotein density is equal to the density of the sodium chloride solution. The resulting gradients were partitioned into 8 or 9 cuts, 0.75 cm. each, either by slicing with a tube-slicing device or by aspirating with a finetipped pipette. From the volume of each cut (approximately 1.0 ml.) a 100 X sample was removed for determination of solution density. To the remainder of each cut was added an equal volume of 0.15 M NaCl; each 2ACD (acid citrate-dextrose) is the special anticoagulant solution used when fractionating plasma proteins by the Cohn method (8).
8 Citrate-sodium chloride reagent consisted of 0.02 M trisodium citrate and 0.07 M sodium chloride. dilution was placed in Visking cellophane tubing (1 cm. in diameter) and dialyzed against 0.15 M NaCl for 24 hours at 5°C. The contents of each bag were removed as quantitatively as possible, the volumes measured, and the solutions analyzed for nitrogen, lipids, and dry weight.
Preparation of plasmna fractions. In each of six tubes, 5-ml. samples of plasma (6 x 5 ml.) were fractionated simultaneously. Fractions from 1 X 5 ml. plasma were used solely for protein and lipid analyses as described in the quantitative method of Cohn and his associates (8) .
Fraction IV + V obtained as a zinc proteinate paste from Fraction IV + V + VI of 3 x 5 ml. of biliary cirrhotic plasma or 5 X 5 ml. normal plasma were dissolved in 13.5 ml. of citrate-sodium chloride reagent and for complete removal of zinc ions dialyzed 24 hours at 00 C. against the same reagent (11). The density of the entire dialyzed solution was adjusted to 1.064 with 3 to 4 M NaCl yielding a final volume of 20.5 ml. From this mixture two 9-ml. portions were removed for ultracentrifugal separation of low and high density lipoproteins as described for unfractionated plasma. Absence of low density lipoproteins in normal plasma was ascertained by lipid analyses of the upper cut. The pooled upper cuts from biliary cirrhotic plasma were diluted to a volume of 12.0 ml. with 2.0 M NaCl, 4.5 ml. of which were removed for density gradient studies as already described; the remainder was aliquoted for (a) examination of Sf classes of lipoproteins (approximately 10 mg.), (b) immunochemical reactions, and (c) analytic purposes. The lower cut pools and aliquot (c) of the upper cuts were then dialyzed and analyzed for chemical components as described for unfractionated plasma.
Fraction VI, obtained as a supernatant of the Fraction IV + V paste just described for biliary cirrhosis, was concentrated by precipitation of the proteins with NH4Cl-NH,OH buffer to a pH of 7.6 (16) . The resulting paste was dissolved in 7.5-ml. acetate buffer r/2 = 0.5, pH 4.5. followed by dialysis against the same buffer for 24 hours at O' C. to remove zinc ions. The density of the entire solution was adjusted to 1.066 by addition of 4.0 M NaCl and distilled water so as to obtain a final volume of 20.0 ml. From this solution two 9-ml. portions were removed for analysis as described in Fraction IV + V.
Fraction I + III, obtained as a paste from the Cohn fractionation of 3 x 5 ml. biliary cirrhotic plasma or 5 X 5 ml. normal plasma, was dissolved with 2.0 M NaCl and the density adjusted to 1.064 with distilled water and 2.0 M NaCl until a final volume of 20.0 ml. was obtained. From this solution two 9-ml. aliquots were removed for analyses as described for Fractions IV + V and VI.
ANALYTICAL PROCEDURES
Unfractionated plasma and all Cohn fractions were analyzed for concentrations of cholesterol, phospholipids, and protein and for distribution of electrophoretic components (moving boundary and filter paper methods) as previously described (8, 11, 17) .
In addition, the following lipid procedures were employed. Micro or semi-micro adaptations were applied to the free and esterified cholesterol method of Sobel and Mayer (18) and phospholipid method of Stewart and Hendry (19) . Acetal phospholipids by the Korey-Wittenberg procedure (20) . Total fatty acids by variation of a standard gravimetric method as follows: 3: 1 alcohol-ether extracts of plasma and fractions were evaporated to dryness in a 125-ml. soil digestion flask and saponified by refluxing gently with 10 per cent KOH in 95 per cent alcohol for one hour. The contents were cooled, diluted with water to bring the alcohol concentration to 40 per cent, transferred to a separatory funnel, and extracted three times with petroleum ether to remove the unsaponified material. The remaining soaps were acidified with concentrated HCI to liberate fatty acids which were then extracted three times with petroleum ether. The extracts were centrifuged to remove any traces of insoluble matter, quantitatively transferred to a tared flask, evaporated to dryness and desiccated to constant weight.
Fatty acids as neutral fat (triglycerides + free fatty acids) were estimated by subtracting the fatty acids of the predetermined ester cholesterol and phospholipids from the gravimetric value for total fatty acids according to the formula (27) have shown that the enormous increases in plasma phospholipids in biliary cirrhosis are due entirely to accumulation of lecithin and cephalin.
mentation by shaded areas on the diagrams of the tubes.
In the normal unfractionated plasma approximately one-half of the total lipids and peptide are distributed between the densities 1.034 - Fraction IV + V shows one peak concentration of lipoproteins having essentially uniform chemical composition between the densities 1.041 -1.042. In this area 78 per cent of the total lipids and peptides in the gradient are concentrated, C/PL ratios average 0.45, cholesterol is almost entirely unesterified, and C/N ratios average 1.7.
In Fraction VI two peaks of lipid concentration are apparent; a peak in the density range 1.035 -1.038 contains 46 per cent of the cholesterol and phospholipids of the entire gradient; the other in the range 1.039 -1.049 contains 50 per cent of the total. In both, C/PL ratios are similar to those in Fractions IV + V and I + III. The cholesterol, however, is entirely unesterified. The C/N ratios in the density range > 1.039-< 1.049 are high (3.2 -6.1). In the density range < 1.035 -1.038, however, the total nitrogen values after correction for phospholipid nitrogen are barely significant, and it appears that with decrease in density the increasing concentrations of lipids are almost devoid of peptides.
A summation of the concentrations of lipids, nitrogen, and dry weights in all gradients indicated good recoveries when compared to total concentrations in the 4.5-ml. aliquots of upper cuts (U.C.) from which the gradients were made. Repeat density gradient studies have shown identical patterns and analyses. In addition to these recognizable lipoproteins, there is in the density gradient analysis of Fraction VI a large accumulation of lipids at a density of 1.038 and less, which is almost devoid of peptides. Repeat studies of the plasma made several months apart have confirmed the low peptide content and have shown identical gradient patterns and analyses. Although the paucity of peptides in the mixture might discredit the existence of definite lipoprotein molecules in this density range, other explanations must be considered. It is possible that some extremely labile lipoproteins may have been destroyed by exposure to fairly concentrated alcohol buffers in the early steps of the Cohn fractionation.
It is also possible that in assuming that phospholipids are chiefly in the form of lecithin and cephalin and therefore calculating a nitrogenphosphorus ratio of 1: 1 we have overestimated the lipid nitrogen which is subtracted from total nitrogen and thus erroneously have derived peptide concentrations that appear scarcely significant. Because of this assumption and also because the density of the high lipid-low peptide mixture in Fraction VI is higher than might be expected, acetal phospholipid analyses were undertaken but with negative results.
A word may be added concerning the distribution of fatty acids. In biliary cirrhosis, fatty acids recovered in Fraction IV + V + VI and representing three-quarters of the plasma concentration are derived almost exclusively from the enormous quantities of phospholipids. In Fraction I + III, however, they are derived equally from the phospholipids and neutral fat (triglycerides + FFA). In normal plasma, the greatest concentration of total fatty acids is in Fraction I + III where they are derived equally from cholesterol esters, phospholipids, and neutral fats.
Difficulty is encountered in correlating peptidelipid combinations detected by analysis of density gradients with the lipoproteins indicated by Gofman flotation rates. Density gradient separation of the lipoproteins floated from the unfractionated plasma in biliary cirrhosis fails to resolve the atypical lipoproteins, apparently because of general aggregation of lipoprotein molecules in the density range 1.035 -1.044. Similar analyses made on the Cohn fractions afford closer inspection and better characterization. Study of flotation rates of lipoproteins in both unfractionated plasma and Cohn fractions provides additional properties. In biliary cirrhosis the major concentration of molecules is in the Sf 10 Gofman flotation analysis of plasma in biliary cirrhosis shows that molecules within the Sf 10-20 classes form the major portion of the spectrum and in far greater concentrations than seen in atherosclerosis. However, despite similar flotation rates, chemical analyses indicate the lipoproteins in biliary cirrhosis differ from those in atherosclerosis.
